Pre- and posttranslational upregulation of muscle-specific glycogen synthase in athletes.
Expression of muscle-specific glycogen synthase (GS) and phosphofructokinase (PFK) was analyzed in seven athletes and eight control subjects who were characterized using the euglycemic, hyperinsulinemic (2 mU.kg-1.min-1) clamp technique in combination with indirect calorimetry and biopsy sampling of vastus lateralis muscle. In the basal state, total GS activity and half-maximal GS activation by glucose 6-phosphate (G-6-P) were respectively 34% (P < 0.03) and 50% (P < 0.005) higher in athletes than in control subjects. In parallel, GS mRNA/microgram total RNA in athletes was 40% (P < 0.005) higher. No difference in GS immunoreactive protein abundance was found between the groups. PFK activity and protein levels were respectively 15% (P < 0.05) and 20% (P < 0.02) lower in athletes, whereas no differences was found in the level of PFK mRNA. After 4 h of hyperinsulinemia, total glucose disposal rate (P < 0.005) and both nonoxidative (P < 0.02) and oxidative (P < 0.03) glucose metabolism were significantly higher in athletes. In parallel, after hyperinsulinemia, the relative activation of GS by G-6-P was significantly higher in athletes, whereas total activity and gene expression of both GS and PFK were unaffected by insulin. We conclude that athletes have increased whole body insulin-stimulated nonoxidative glucose metabolism associated with both pretranslational (mRNA) and posttranslational (enzyme activity) upregulation of GS. However, the immunoreactive mass of GS is normal, emphasizing that posttranslational regulation of the GS protein activity is important for the increased glycogen synthesis rate of muscle in endurance-trained individuals.